SPECIFICATION 

COLOR PROOFING METHOD AND APPARATUS, AND RECORDED MEDIUM 
ON WHICH COLOR PROOFING PROGRAM IS RECORDED 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a color proofing method and apparatus for 
improving the color reproducibility of printed matter to be produced by a printing 
press in proof print produced by a proof press in a printing process. 

Mi 

JJ BACKGROUND ART 

Color correction is conducted prior to printing performed by a printing press. 

jf. The color correction is conducted in order to check finish of printing, for example, 

}w 1) the presence or absence of a typographical error or gap, 2) the presence or 

absence of dust, a flaw, a smear or the like, 3) gradation reproducibility such as 

J* brightness or darkness of printed matter, 4) the color reproducibility of the printed 

p matter, 5) the sharpness of the printed matter, and the like. 

The color correction is generally conducted on the basis of proof printing 
performed by a proof press. In particular, computerization of pre-printing 
processing has been progressed in recent years, and therefore, there has been 
prevailed a digital proof press which can produce proof print directly based on 
digital data by means of an ink jet system or a sublimation thermal ink-transfer 
system. 

In this case, color matching method is an important technique, in which a 
color reproducing region of the proof print produced by the proof press is 
approximated to that of printed matter to be produced by a printing press, thereby 
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producing a visually similar result. 

However, in many cases, the respective color reproducing regions inherent 
to the printed matter and the proof print are different from each other, and thus, it is 
very difficult to accurately approximate the color reproducing regions to each other. 

For example, black (Bk) ink is generally used in addition to three primary 
colors in a subtractive process, i.e., cyan (C), magenta (M) and yellow (Y) in a 
printing process. The use of the Bk ink produces an economic effect such as ink 
saving by expressing an Indian ink character mainly used on a printing paper with 
monochromatic color ink as well as a quality improvement effect owing to an 
increase in density region in a high density part or color reproducing region. 

There are two methods for making the black Bk from the three colors C, M 
and Y: a full-black method and a skeleton black method. 

Assuming that the colors C, M and Y are uniformly mixed into the black Bk, 
a value min(CMY), i.e., a minimum value out of values of the colors C, M and Y is 
replaced with the black Bk, thereby achieving representation with the three colors. 
This is a method for maximizing a value replaced with the black Bk, and is referred 
to as the full black method. In an example illustrated in Fig. 5, out of the values of 
the three colors, i.e., C being 72%, M being 94% and Y being 43%, the minimum 
value Y is replaced with the black Bk, and further, is subtracted from the values of C 
and M. In this case, the amount equal to 43% x 2 of ink is saved. 

In the full-black method, scum of the black Bk ink occurs at a highlight part, 
which, therefore, looks dirt. Thus, as illustrated in Fig. 6, the value min(CMY) is 
not wholly replaced with the black Bk, but partly remains. This method is referred 
to as the skeleton black method. 

The ink colors C, M, Y and Bk are relative to each other. The ink colors C, 



M, Y and Bk of printed matter produced by a printing press are different from those 
of proof print produced by a color printing press. Moreover, even the ink colors C, 
M, Y and Bk of one and the same printed matter slightly look different according to 
manufacturers. In view of this, the colors cannot be simply compared with each 
other as they are. Additionally, in comparison of the colors between a monitor and 
a color printing press, three colors R, G and B are used in the monitor, and therefore, 
respective color spaces in the monitor and the color printing press are different from 
each other. 

Therefore, there has been conceived a method for, on the presumption of an 
absolute color space independent of color representing means, replacing color 
represented objects in the absolute color space so as to compare them with each 
other. This is referred to as a device independent color. 

The absolute color space originally signifies an xyz space which is obtained 
by numerating a stimulus value with respect to human eyes. Since this space is a 
markedly distorted space, it is not suitable for perceiving a color difference. 
Therefore, there has been proposed a space rearranged in a uniformly three- 
dimensional space (a uniform color space). Currently, an Lab space is mainly used 
as the uniform color space. Since the uniform color space is the Euclidean space, 
the color difference is readily obtained. 

In actual color management, all of the color of the printed matter by the 
printing press, and the color of the proof print by the color printing press and the 
color of the monitor are measured by a spectrophotometer, and then, their color 
reproducing regions are represented with the Lab values. Here, the colors can be 
simply compared with each other because of the same color space. Consequently, 
one of the color reproducing regions is compressed to the other, thereby achieving 
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color matching. This is referred to as Gamut Mapping. 

Here, since the color space after the color matching is the Lab space, the 
Lab space is converted again into respective relative color spaces, thereby obtaining 
actual conversion values. Fig. 7 illustrates an example in which the above- 
described procedures are applied to the color matching between the printed matter 
and the proof print. 

In this manner, the device independent color is a remarkably effective color 
management technique. However, there arises a serious problem in view of 
representation of the black color. That is, since the black is a color which is 
artificially created, the original value of the black Bk is lost when the colors C, M, Y 
and Bk are converted to the colors in the Lab space, which are further converted 
again to the colors C, M, Y and Bk. Namely, in this case, there exists no 
reversibility between the colors C, M, Y and Bk before and after the conversion. 

The most adverse effect on the actual processing is that a part having an 
area factor of 100% of the black mainly used in the representation of an Indian ink 
character or the like (C = M = Y = 0, Bk = 1 00) is lost, resulting in three or four 
colors (for example, C = 71, M = 75, Y = 85 and Bk = 35). In other words, the 
Indian ink character cannot be sharply represented, and further, the ink need be used 
in a greater quantity. 

Moreover, in the printing process, in the case where color proof of offset 
lithography or gravure printing is performed by the use of a color printing press, a 
paper which can be used in the color printing press for performing the proofing is 
different from a paper which can be used in a printing press for performing main 
printing (hereinafter referred to as "a printing paper") in most cases. In particular, 
special papers need be used in an ink jet printing press, a sublimation thermal ink- 



transfer type printing press or the like, and therefore, the same paper as the printing 
paper cannot be used in fact. 

If printing papers are different, it is more difficult to approximate the proof 
print to the printed matter. 

In view of this, there has been conventionally a method for reproducing the 
color of the printing paper on image data so as to visually approximate the proof 
print to the printing paper. In this method, it is possible to reproduce the printing 
paper in proofing with relative ease unless a paper special to the color printing press 
has so extreme a color as to prevent reproducibility of the color of the printing paper, 
thereby obtaining the proof print which can be more approximated to the printed 
matter. 

However, in this method, there arises a problem not in a region on the proof 
print, to which no ink is transferred, i.e., a blank region, but in a region to which the 
ink is transferred, as follows: if the color of the paper is added to only the blank 
region to which no ink is transferred, the color of the paper is not added to the 
region to which the ink is transferred, and therefore, the original color remains as it 
is. 

Since printing gradation representation is principally area gradation, the 
color of the ink and the color of the paper basically looks mixed in a visual way. In 
other words, the color of the paper visually has an effect on the color of the ink. 
This effect is particularly shown more at a highlight part having a low ink area factor, 
so that the effect of the color of the paper visually becomes greater. 

Another method for approximating the proof print to the printed matter in 
the case where the printing papers are different is a method for uniformly adding the 
color of the paper to the entire printing image. This method is further classified 



into a method for adding the color of the printing paper to image data and a method 
for printing a printing image after previous printing of the color of the printing paper 
over the entire special paper. In the above-described methods, the color matching 
between the proof print and the printed matter becomes excellent at the highlight 
part with relative accuracy, but the exposure area of the color of the paper is small 
from an intermediate part to a shadow part, and the color of the paper largely has an 
effect even on a region which hardly gets an effect by the color of the paper, 
whereby a color reproducing region of the proof print is markedly deviated from a 
color reproducing region of the printed matter. 

Thus, a problem to be solved by the present invention is to improve the 
color reproducibility of the printed matter by means of the printing press in proofing 
by the proof press, in particular, by the color printing press. 

Moreover, another problem to be solved by the present invention is to 
reproduce the color of the printing paper by means of the printing press, so as to 
reproduce the representing characteristics of the black ink on the printed matter. 

DISCLOSURE OF THE INVENTION 

In order to solve the above-described problems, according to the present 
invention, there is provided a color proofing method for improving the color 
reproducibility of printed matter to be produced by a printing press in proof print 
produced by a proof press, the color proofing method comprising the steps of: 
creating a look-up table containing converted values of image data over the entire 
color space with respect to the proof press; correcting the look-up table based on the 
color of printing paper for the printing press and a paper exposed area factor in the 
proof print; and making proof print by the use of the corrected look-up table. 
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According to a preferred embodiment of the present invention, in the case 
where the proof print is produced based on area gradation and the colors of the 
printing paper for the printing press and a printing paper for the proof press are 
approximated to each other to such an extent as not to need to take the ink 
transmittance into account, the step of correcting the look-up table includes the steps 
of: determining a paper exposed area factor a in accordance with the following 
equation when arbitrary reference data P in the look-up table has color values (Cp, 
Mp, Yp, Bkp), each of which is N-bit data: 

a = (1-Cp/(2 N -1)) x (1-Mp/(2 N -1)) x (1-Yp/(2 N -1)) x (1-Bkp/(2 N -1)), 
in contrast, determining the paper exposed area factor a in accordance with the 
following equation when the arbitrary reference data P in the look-up table has the 
color values (Cp, Mp, Yp, Bkp), each of which is percentage data: 

a = (l-Cp/100) x (l-Mp/100) x (l-Yp/100) x (l-Bkp/100); 
and determining corrected values (Ci 1 , Mi', Yi', Bki') of color values (Ci, Mi, Yi, 
Bki) of arbitrary reference data I in the look-up table in accordance with the 
following equations when color values (Ca, Ma, Ya, Bka) of the printing paper for 
the printing press are added to a part where a paper exposed area factor is 100%: 

Ci' = Ci + Ca x a, Mi' = Mi + Ma x a, Yi' = Yi + Ya x a and Bki' = Bki + 

Bka x a, 

to thus replace the color values of the reference data with the corrected values. 

According to another preferred embodiment of the present invention, in the 
case where the proof print is produced based on both of density gradation and area 
gradation and the colors of the printing paper for the printing press and a printing 
paper for the proof press are approximated to each other to such an extent as not to 
need to take the ink transmittance into account, the step of correcting the look-up 



table includes the steps of: specifying an influence range defining how far reference 
data is influenced in the color space when the color values of the printing paper for 
the printing press are added to the color space; and determining an influence value 
for each of the reference data based on the color values of the paper and the value of 
the influence range, to thus add the influence value to the reference data. 

According to further preferred embodiment of the present invention, in the 
case where the colors of the printing paper for the printing press and a printing paper 
for the proof press are different from each other to such an extent as to need to take 
the ink transmittance into account, the step of correcting the look-up table includes 
the step of: determining corrected values (Ci', Mi', Yi', Bki') of color values (Ci, Mi, 
Yi, Bki) of arbitrary reference data I in the look-up table in accordance with the 
following equations when color values (Ca, Ma, Ya, Bka) of the printing paper for 
the printing press are added to a part where a paper exposed area factor is 1 00%, 
wherein address values (Cid, Mid, Yid, Bkid) express the color values (Ci, Mi, Yi, 
Bki) by N-bit: 

Ci' = Ci + Ca x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Mi' = Mi + Ma x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Yi' = Yi + Ya x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); and 

Bki' = Bki + Bka x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 
to thus replace the color values of the reference data with the corrected values. 

According to further preferred embodiment of the present invention, the 
step of creating the proof print includes the step of: changing image data converted 
by using the corrected look-up table based on the previously determined noise 
strength and distribution amount indicating the level of a variation of the color of the 
printing paper for the printing press, to thus make the proof print by the use of the 



changed image data. 

Furthermore, in order to solve the above-described problems, according to 
the present invention, there is provided a color proofing method for improving the 
color reproducibility of printed matter to be produced by a printing press in proof 
print produced by a proof press, the color proofing method comprising the step of: 
correcting proof printing image data, in which each of levels of monochromatic 
color gradation of black on the printed matter is represented on the proof print, out 
of the proof printing image data over the entire color space in a subtractive process 
resulting from color matching between proof print produced by the proof press and 
the printed matter to be produced by the printing press in such a manner that a part 
having a black ink area factor of 100% on the printed matter is represented only with 
black ink also on the proof print, but that a part other than the part having a black 
ink area factor of 1 00% on the printed matter is represented on the proof print by 
using under color removal, to thus reproduce, on the proof print, the representing 
characteristics of the black ink on the printed matter. 

According to a preferred embodiment of the present invention, the step of 
correcting the proof printing image data includes the steps of: finding min(Cioo, Mioo, 
Yioo) from color values (Cioo, Mioo, Yioo, Bkioo) of the proof printing image data for 
representing, on the proof print, the part having the black ink area factor of 100% on 
the printed matter, to thus determine a new value P of Bkioo; finding an addition 
value aioo for Bkioo in accordance with the following equation: 

aioo = min(Cioo, Mioo, Yioo) x (P-Bk 10 o)/min(Ci 0 o, Mi 00 , Yioo), 
wherein 1 < P < 100; 

adding the addition value ai 00 to Bkioo as well as setting all of Cioo, Mi 00 and Y 100 to 
0; and repeating, with respect to n from 99 to 1, the following steps of: determining 



min(C n , M n , Y n ) from color values (C n , M n , Y n , Bk n ) of the proof printing image data 
for representing, on the proof print, a part having a black ink area factor of n% on 
the printed matter; determining an addition value a n with respect to Bk„ in 
accordance with the following equation: 

a n = (min(C n , M„, Y„)-(100-n)) x (P-Bki 00 )/min(Cioo, M 100 , Y 100 ), 
wherein 1 < P < 100, to thus add the addition value a„ to Bk n ; and obtaining 
respective reduction values j3 n , y n and 6 n of C n , M„ and Y n in accordance with 
the following equations: 

J3 „ = a„ x ((P-Bkioo)/Cioo), 

y n = a n x ((P-Bkioo)/Mioo), and 

5 n = a n x ((P-Bkioo)/Yioo), 
wherein 1 < P < 100, to thus subtract the reduction values j8 n , y „ and 8 n from C„, 
M n and Y n , respectively. 

Moreover, in order to solve the above-described problems, according to the 
present invention, there is provided a color proofing apparatus for improving the 
color reproducibility of printed matter to be produced by a printing press in proof 
print produced by a proof press by the use of a computer, the color proofing 
apparatus comprising: a look-up table creating section for creating a look-up table 
including converted values of image data over the entire color space with respect to 
the proof press; a noise strength and distribution amount input section for setting the 
noise strength and distribution amount indicating the level of a variation of the color 
of the printing paper for the printing press; a paper color input section for specifying 
the color of the printing paper for the printing press; a look-up table correcting 
section for correcting the look-up table based on the color inputted to the paper color 
input section and a paper exposed area factor in the proof print and an image data 



converting section for changing the image data converted by the use of the look-up 
table corrected by the look-up table correcting section based on the noise strength 
and distribution amount inputted to the noise strength and distribution amount input 
section, to thus output the changed image data. 

According to a preferred embodiment of the present invention, in the case 
where the proof print is produced based on only area gradation and the colors of the 
printing paper for the printing press and a printing paper for the proof press are 
approximated to each other to such an extent as not to need to take the ink 
transmittance into account, the look-up table correcting section includes: a paper 
exposed area factor calculating section for determining a paper exposed area factor a 
in accordance with the following equation when arbitrary reference data P in the 
look-up table has color values (Cp, Mp, Yp, Bkp), each of which is N-bit data: 

a = (1-Cp/(2 N -1)) x (1-Mp/(2 N -1)) x (1-Yp/(2 N -1)) x (1-Bkp/(2 N -1)), 
in contrast, determining the paper exposed area factor a in accordance with the 
following equation when the arbitrary reference data P in the look-up table has the 
color values (Cp, Mp, Yp, Bkp), each of which is percentage data: 

a = (l-Cp/100) x (l-Mp/100) x (l-Yp/100) x (l-Bkp/100); 
and a color corrected value calculating section for determining corrected values (Ci', 
Mi', Yi', Bki') of color values (Ci, Mi, Yi, Bki) of arbitrary reference data I in the 
look-up table in accordance with the following equations when color values (Ca, Ma, 
Ya, Bka) of the printing paper for the printing press are added to a part where a 
paper exposed area factor is 100%: 

Ci' = Ci + Ca x a, Mi' = Mi + Ma x a, Yi' = Yi + Ya x a and Bki' = Bki + 

Bka x a, 

to thus replace the color values of the reference data with the corrected values. 



According to another preferred embodiment of the present invention, in the 
case where the proof print is produced based on both of density gradation and area 
gradation and the colors of the printing paper for the printing press and a printing 
paper for the proof press are approximated to each other to such an extent as not to 
need to take the ink transmittance into account, the look-up table correcting section 
includes: an influence range input section for specifying an influence range defining 
how far reference data is influenced in the color space when the color values of the 
printing paper for the printing press are added to the color space; and an influence 
value calculating section for determining an influence value for each of the reference 
data based on the color values of the paper and the value of the influence range, to 
thus add the influence value to the reference data. 

According to further preferred embodiment of the present invention, in the 
case where the colors of the printing paper for the printing press and a printing paper 
for the proof press are different from each other to such an extent as to need to take 
the ink transmittance into account, the look-up table correcting section includes: a 
second color corrected value calculating section for determining corrected values 
(Ci', Mi', Yi\ Bki') of color values (Ci, Mi, Yi, Bki) of arbitrary reference data I in 
the look-up table in accordance with the following equations when color values (Ca, 
Ma, Ya, Bka) of the printing paper for the printing press are added to a part where a 
paper exposed area factor is 100%, wherein address values (Cid, Mid, Yid, Bkid) 
express the color values (Ci, Mi, Yi, Bki) by N-bit: 

Ci* = Ci + Ca x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Mi' = Mi + Ma x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Yi' - Yi + Ya x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); and 

Bki' = Bki + Bka x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 
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to thus replace the color values of the reference data with the corrected values. 

Additionally, in order to solve the above-described problems, according to 
the present invention, there is provided a color proofing apparatus for improving the 
color reproducibility of printed matter to be produced by a printing press in proof 
print produced by a proof press by the use of a computer, the color proofing 
apparatus comprising: an image data input section for receiving an input of proof 
printing image data over the entire color space in a subtractive process resulting 
from color matching between proof print produced by the proof press and the printed 
matter produced by the printing press; and an image data correcting section for 
correcting the proof printing image data, in which each of levels of monochromatic 
color gradation of black on the printed matter is represented on the proof print, out 
of the image data inputted to the image data input section in such a manner that a 
part having a black ink area factor of 1 00% on the printed matter is represented only 
with black ink also on the proof print, but that a part other than the part having a 
black ink area factor of 100% on the printed matter is represented on the proof print 
by using under color removal, to thus output the corrected image data. 

According to a preferred embodiment of the present invention, the image 
data correcting section includes: a 100% black part image data correcting section for 
determining min(Ci 00 , Mioo, Yioo) from color values (Cioo, Mioo, Yioo, Bk i0 o) of the 
proof printing image data for representing, on the proof print, the part having the 
black ink area factor of 100% on the printed matter, to thus determine a new value P 
of Bkioo, determining an addition value aioo for Bkioo in accordance with the 
following equation: 

aioo = min(Cioo, Mioo, Yioo) x (P-Bki 00 )/min(Cioo, M 100 , Yioo), 
wherein 1 < P < 100, and then, adding the addition value aioo to Bk ]0 o as well as 



setting all of Cioo, Mioo and Yi 00 to 0; and a 99% or less black part image data 
correcting section for repeating, with respect to n from 99 to 1, the following 
processes of: 

determining min(C„, M„, Y n ) from color values (C„, M n , Y n , Bk n ) of the proof 
printing image data for representing, on the proof print, a part having a black ink 
area factor of n% on the printed matter; determining an addition value a n for Bk„ in 
accordance with the following equation: 

a n = (min(C n , M„, Y„)-(100-n)) x (P-Bk 10 o)/min(C 10 o, Mioo, Y 100 ), 
wherein 1 < P < 100, to thus add the addition value a n to Bk„; and determining 
respective reduction values j3 n , y n and 5 „ of C„, M„ and Y„ in accordance with 
the following equations: 

j3 „ = o„ x ((P-Bkioo)/Cioo), 

y n = a n x ((P-Bkioo)/Mioo), and 

5 „ = a n x ((P-Bkioo)/Yioo), 
wherein 1 < P < 100, to thus subtract the reduction values j8 „, y „ and 8 „ from C tt: 
M n and Y n , respectively. 

In addition, in order to solve the above-described problems, according to the 
present invention, there is provided a recorded medium recording therein a color 
proofing program for improving the color reproducibility of printed matter to be 
produced by a printing press in proof print produced by a proof press by the use of a 
computer, the color proofing program instructing the computer to execute the 
processes of: creating a look-up table containing converted values of image data 
over the entire color space with respect to the proof press; correcting the look-up 
table based on the color of printing paper for the printing press and a paper exposed 
area factor in the proof print; and creating proof print by the use of the corrected 
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look-up table. 

According to a preferred embodiment of the present invention, in the case 
where the proof print is produced based on only area gradation and the colors of the 
printing paper for the printing press and a printing paper for the proof press are 
approximated to each other to such an extent as not to need to take the ink 
transmittance into account, the look-up table correcting process includes the 
processes of: determining a paper exposed area factor a in accordance with the 
following equation when arbitrary reference data P in the look-up table has color 
values (Cp, Mp, Yp, Bkp), each of which is N-bit data: 

a = (1-Cp/(2 N -1)) x (1-Mp/(2 N -1)) x (1-Yp/(2 N -1)) x (1-Bkp/(2 N -1)), 
in contrast, determining the paper exposed area factor a in accordance with the 
following equation when the arbitrary reference data P in the look-up table has the 
color values (Cp, Mp, Yp, Bkp), each of which is percentage data: 

a = (l-Cp/100) x (l-Mp/100) x (l-Yp/100) x (l-Bkp/100); 
and determining corrected values (Ci 1 , Mi', Yi', Bki') of color values (Ci, Mi, Yi, 
Bki) of arbitrary reference data I in the look-up table in accordance with the 
following equations when color values (Ca, Ma, Ya, Bka) of the printing paper for 
the printing press are added to a part where a paper exposed area factor is 100%: 

Ci' = Ci + Ca x a, Mi' = Mi + Ma x a, Yi' = Yi + Ya x a and Bki' = Bki + 

Bka x a, 

to thus replace the color values of the reference data with the corrected values. 

According to another preferred embodiment of the present invention, in the 
case where the proof print is produced based on both of density gradation and area 
gradation and the colors of the printing paper for the printing press and a printing 
paper for the proof press are approximated to each other to such an extent as not to 
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need to take the ink transmittance into account, the look-up table correcting process 
includes the processes of: specifying an influence range defining how far reference 
data is influenced in the color space when the color values of the printing paper for 
the printing press are added to the color space; and determining an influence value 
for each of the reference data based on the color values of the paper and the value of 
the influence range, to thus add the influence value to the reference data. 

According to further preferred embodiment of the present invention, in the 
case where the colors of the printing paper for the printing press and a printing paper 
for the proof press are different from each other to such an extent as to need to take 
the ink transmittance into account, the look-up table correcting process includes the 
processes of: determining corrected values (Ci', Mi', Yi', Bki') of color values (Ci, 
Mi, Yi, Bki) of arbitrary reference data I in the look-up table in accordance with the 
following equations when color values (Ca, Ma, Ya, Bka) of the printing paper for 
the printing press are added to a part where a paper exposed area factor is 100%, 
wherein address values (Cid, Mid, Yid, Bkid) express the color values (Ci, Mi, Yi, 
Bki) by N-bit: 

Ci' = Ci + Ca x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Mi' = Mi + Ma x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Yi' = Yi + Ya x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); and 

Bki' = Bki + Bka x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 
to thus replace the color values of the reference data with the corrected values. 

According to further preferred embodiment of the present invention, the 
proof print creating process includes the process of: changing image data converted 
by using the corrected look-up table based on the previously determined noise 
strength and distribution amount indicating the level of a variation of the color of the 



printing paper for the printing press, to thus create the proof print by the use of the 
changed image data. 

Furthermore, in order to solve the above-described problems, according to 
the present invention, there is provided A recording medium recording therein the 
color proofing program for improving the color reproducibility of printed matter to 
be produced by a printing press in proof print produced by a proof press by the use 
of a computer, the color proofing program further instructing the computer to 
execute the process of: correcting proof printing image data, in which each of levels 
of monochromatic color gradation of black on the printed matter is represented on 
the proof print, out of the proof printing image data over the entire color space in a 
subtractive process resulting from color matching between proof print by the proof 
press and the printed matter by means of the printing press in such a manner that a 
part having a black ink area factor of 1 00% on the printed matter is represented only 
with black ink also on the proof print, but that a part other than the part having a 
black ink area factor of 1 00% on the printed matter is represented on the proof print 
by using under color removal, to thus reproduce, on the proof print, the representing 
characteristics of the black ink on the printed matter. 

According to a preferred embodiment of the present invention, the proof 
printing image data correcting process includes the processes of: determining 
min(Cioo, Mioo, Yioo) from color values (Cioo, Mioo, Yioo, Bki 00 ) of the proof 
printing image data for representing, on the proof print, the part having the black ink 
area factor of 100% on the printed matter, to thus determine a new value P of Bki 00 ; 
determining an addition value aioo for Bkioo in accordance with the following 
equation: 

aioo = min(Cioo, Mioo, Yioo) x (P-Bki 0 o)/min(Ci 0 o, Mioo, Yioo), 
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wherein 1 < P < 100; 

adding the addition value aioo to Bkioo as well as setting all of Cioo, Mi 00 and Yi 00 to 
0; and repeating, with respect to n from 99 to 1, the following processes of: 
determining min(C n , M n , Y„) from color values (C n , M n , Y n , Bk n ) of the proof 
printing image data for representing, on the proof print, a part having a black ink 
area factor of n% on the printed matter; determining an addition value a n for Bk n in 
accordance with the following equation: 

a n = (min(C n , M n , Y n )-(100-n)) x (P-Bk 100 )/min(Cioo, Mioo, Yioo), 
wherein 1 < P < 100, to thus add the addition value a n to Bk n ; 
and determining respective reduction values 0 n , y n and 5 n of C n , M n and Y n in 
accordance with the following equations: 

j8 n = a n x ((P-Bkioo)/Cioo), 

y n = a„ x ((P-Bkioo)/Mioo), and 

8 „ = a n x ((P-Bk 100 )/Yioo), 
wherein 1 < P < 100, to thus subtract the reduction values j3 n , y „ and 8 „ from C„, 
M n and Y n , respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flowchart illustrating the schematic configuration of a color 
proofing method according to a preferred embodiment in the present invention; 

Fig. 2 is a flowchart illustrating the schematic configuration of a color 
proofing method according to another preferred embodiment in the present 
invention; 

Fig. 3 is a block diagram illustrating the schematic configuration of a color 
proofing apparatus according to a preferred embodiment in the present invention; 
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Fig. 4 is a block diagram illustrating the schematic configuration of a color 
proofing apparatus according to another preferred embodiment in the present 
invention; 

Fig. 5 is a diagram illustrating a full black method; 
Fig. 6 is a diagram illustrating a skeleton black method; and 
Fig. 7 is a diagram illustrating a conventional method for performing color 
matching between printed matter and proof print. 

BEST MODE CARRYING OUT THE INVENTION 

A preferred embodiment of the present invention will be described 
hereinafter with reference to the accompanying drawings. Fig. 1 is a flowchart 
illustrating the schematic configuration of a color proofing method according to a 
preferred embodiment of the present invention. Referring to Fig. 1, first, an look- 
up table including corrected values of image data over the entire color space is 
created with respect to a proof press, for example, a color printing press (see Step 
(1) in Fig. 1). Subsequently, the noise strength and distribution amount indicating 
the level of a variation of the color of a printing paper (a printing paper) for the 
proof press is specified (see Step (2) in Fig. 1), and then, the color of the printing 
paper is specified (see Step (3) in Fig. 1). 

Like in offset lithography, in the case where the proof print is created in a 
printing system for performing only area gradation and the colors of the printing 
paper and a printing paper for the proof press are approximated to each other to such 
an extent as not to need to take the ink transmittance into account, when arbitrary 
reference data P in the look-up table has color values (Cp, Mp, Yp, Bkp), each of 
which is 8-bit data, a paper exposed area factor a is determined in accordance with 



the following equation: 

a = (l-Cp/255) x (l-Mp/255) x (l-Yp/255) x (l-Bkp/255) (see Step (4) in 

Fig. 1). 

When the color values of the reference data are expressed by the percentage, 
the paper exposed area factor a is determined in accordance with the following 
equation: 

a = (l-Cp/100) x (l-Mp/100) x (l-Yp/100) x (l-Bkp/100). 

Thereafter, corrected values (Ci', Mi', Yi', Bki') of color values (Ci, Mi, Yi, 
Bki) of arbitrary reference data I in the look-up table when color values (Ca, Ma, Ya, 
Bka) of the printing paper are added to a part where a paper exposed area factor is 
100% are obtained in accordance with the following equations: 

Ci' = Ci + Ca x a, Mi' = Mi + Ma x a, Yi' = Yi + Ya x a and Bki' = Bki + 

Bka x a 

(see Step (5) in Fig. 1), to replace the color values of the reference data with 
the corrected values (see Step (6) in Fig. 1), thus correcting the look-up table (see 
Step (7) in Fig. 1). 

Here, in the case of actually excellent printed matter, dot gain 
characteristics obtained by the Murray-Davies system or the Yule-Nielsen system are 
represented by a curve which is expanded at a halftone part by about 10% to 20%. 
Consequently, similar curve characteristics are given with respect to a paper color 
effect rate, resulting in color reproducibility approximate to the dot gain 
characteristics obtained by the Murray-Davies system or the Yule-Nielsen system. 

Like in gravure printing, in the case where the proof print is created in a 
printing system for performing both of density gradation and area gradation and the 
colors of the printing paper and a printing paper for the proof press are approximated 



to each other to such an extent as not to need to take the ink transmittance into 
account, an influence range defining how far reference data is influenced in the color 
space is specified when the color values of the printing paper are added to the color 
space (see Step (8) in Fig. 1), an influence value for each of the reference data is 
obtained based on the color values of the paper and the value of the influence range 
(see Step (9) in Fig. 1). The influence value is added to the reference data, thus 
correcting the look-up table (see Step (7) in Fig. 1). 

Now, explanation will be made on a method for deriving the influence range 
and the influence value. It is assumed that the color value (Ca, Ma, Ya, Bka) of the 
printing paper has linear or curve characteristics over the entire color space or within 
a predetermined influence range, and has an effect on each of the reference data in 
the look-up table. Here, an influence value (Cieff, Mieff, Yieff, Bkieff) in the case 
where the color value (Ca, Ma, Ya, Bka) of the paper linearly has an effect on the 
color value (Ci, Mi, Yi, Bki) of arbitrary reference data I is obtained as described 
below. 

First, the paper color effect rate in the reference data I is set to be equal to a 
ratio of a distance from the coordinate (x=0, y=0, z=0, w=0) at a point Q where the 
paper color value over the entire color space is introduced, to the coordinate of the 
reference data I. Assuming that the coordinate of the reference data I is 
represented by (x ; , y„ Zj, w,), the distance D between the point Q and the reference 
data I is defined in accordance with the following equation: 

D = max(|xi-0|, |yi-0|, |z,-0|, |wi-0|) 
wherein, max(a, b, c) signifies a maximum value taken out of a, b and c. 

The influence values with respect to the reference value I are expressed as 

follows: 



Cieff=Cax (255 x D)/255 

Mieff = Ma x (255 x D)/255 

Yieff= Yax(255 xD)/255 

Bkieff = Bka x (255 x D)/255 
Here, each of the values is 8-bit data. Incidentally, when each of the values is 
expressed in the percentage, the influence values with respect to the reference value 
I are expressed as follows: 

Cieff=Cax(100xD)/100 

Mieff = Ma x (1 00 x D)/l 00 

Yieff = Ya x (100 x D)/100 

Bkieff = Bka x (100 x D)/100 

In the case where the colors of the printing paper and a printing paper for 
the proof press are different from each other to such an extent as to need to take the 
ink transmittance into account, corrected values (Ci', Mi', Yi', Bki') of color values 
(Ci, Mi, Yi, Bki) of arbitrary reference data I in the look-up table when color values 
(Ca, Ma, Ya, Bka) of the printing paper are added to a part where a paper exposed 
area factor is 100%, wherein address values (Cid, Mid, Yid, Bkid) express the color 
values (Ci, Mi, Yi, Bki) by N-bit are determined in accordance with the following 
equations: 

Ci' = Ci + Ca x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Mi' = Mi + Ma x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Yi' - Yi + Ya x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); and 

Bki' = Bki + Bka x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 
to thus replace the color values of the reference data with the corrected values (see 
Step (10) in Fig. 1). 
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Image data converted by using the look-up table corrected in the above- 
described manner is changed based on the noise strength and distribution amount 
(see Step (1 1) in Fig. 1). The proof print is created based on the changed image 
data by the color printing press (see Step (12) in Fig. 1) 

Also in this case, although no optical dot gain value is taken into 
consideration when the paper color effect rate is linearly taken, the object can be 
sufficiently achieved by deriving an effect rate added with appropriate curve 
characteristics. 

The color of the printing paper can be reproduced on the formed proof print 
with accuracy. 

Fig. 2 is a flowchart illustrating the schematic configuration of a color 
proofing method according to another preferred embodiment in the present invention. 
Referring to Fig. 2, first, proof printing image data, in which each of levels of 
monochromatic color gradation of black on printed matter is represented on proof 
print, is extracted out of the proof printing image data over the entire color space in 
a subtractive process resulting from color matching between the proof print by the 
proof press and the printed matter by means of the printing press (see Step (20) in 
Fig. 2). 

And then, min(Ci 0 o, Mioo, Yioo) is obtained from color values (Cioo, Mioo, 
Yioo, Bkioo) of the proof printing image data for representing, on the proof print, the 
part having the black ink area factor of 100% on the printed matter (see Step (21) in 
Fig. 2), and then, a new value P of Bki 00 is determined (see Step (22) in Fig. 2). 
Thereafter, an addition value aioo for Bkioo is obtained in accordance with the 
following equation: 

a 100 = min(Cioo, Mioo, Yioo) x (P-Bki 0 o)/min(Ci 0 o, Mioo, Yioo), 



wherein 1 < P < 100 (see Step (23) in Fig. 2). Subsequently, the addition value aioo 
is added to Bk 100 , and further, all of Cioo, Mioo and Yi 00 are set to 0 (see Step (24) in 
Fig. 2). 

Furthermore, with respect to n from 99 to 1, processes (a) to (c) described 
below are repeated (see Steps (25) to (30) in Fig. 2). 

(a) min(C„, M n , Y n ) is obtained from color values (C n , M n , Y„, Bk„) of 
the proof printing image data for representing, on the proof print, a part having a 
black ink area factor of n% on the printed matter (see Step (27) in Fig. 2); 

(b) an addition value a n for Bk n is determined in accordance with the 
following equation: 

a„ = (min(C n , M n , Y n )-(100-n)) x (P-Bk 100 )/min(Cioo, Mioo, Yioo), 
wherein 1 < P < 100, to thus add the addition value a„ to Bk n (see Step (28) in Fig. 
2); and 

(c) respective reduction values j3 tt , y „ and 8 „ of C n , M n and Y„ are 
determined in accordance with the following equations: 

j8 „ = a n x ((P-Bkioo)/Cioo), 

V n = «n x ((P-Bkioo)/Mioo), and 

6 „ = a n x ((P-Bkioo)/Yioo), 
wherein 1 < P < 100, to thus subtract the reduction values j3 „, y „ and 5 „ from C n , 
M n and Y n , respectively (see Step (29) in Fig. 2). 

The proofing is performed by the color printing press based on the proof 
printing image data which is corrected in the above-described manner and in which 
each of levels of monochromatic color gradation of black on the printed matter is 
represented on the proof print and the other not-corrected proof printing image data 
(see Step (31) in Fig. 2). 
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On the obtained proof print is reproduced a part having an area factor of 
1 00% of the black ink used much in representing an Indian ink character or the like 
on the printed matter. In this manner, the representing characteristics of the black 
ink on the printed matter can be reproduced with accuracy. Moreover, the black 
ink is used as much as possible on the proof print, so that the use amount of ink C, 
M or Y can be reduced, thereby saving the cost of the proofing. 

If a color proofing program for instructing a computer to execute the color 
proofing method according to the present invention is recorded in a recording 
medium such as a flexible disk or a CD-ROM, the computer reads the recording 
medium, thereby readily carrying out the color proofing method according to the 
present invention. 

Fig. 3 is a block diagram illustrating the schematic configuration of a color 
proofing apparatus according to a preferred embodiment in the present invention. 
The color proofing apparatus according to the present invention is adapted to 
improve the color reproducibility of printed matter by a printing press in proofing by 
a proof press by the use of a computer. As illustrated in Fig. 3, the color proofing 
apparatus according to the present invention comprises: a look-up table creating 
section 40 for creating a look-up table including converted values of image data over 
the entire color space with respect to the proof press; a noise strength and 
distribution amount input section 41 for setting the noise strength and distribution 
amount indicating the level of a variation of the color of a printing paper for the 
printing press (a printing paper); and a paper color input section 42 for specifying 
the color of the printing paper for the printing press. The color proofing apparatus 
further comprises: a look-up table correcting section 43 for correcting the look-up 
table based on the color inputted to the paper color input section 42 and a paper 
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exposed area factor in the proof print; and an image data converting section 44 for 
changing the image data converted by the use of the look-up table corrected by the 
look-up table correcting section 43 based on the noise strength and distribution 
amount inputted to the noise strength and distribution amount input section 41, to 
thus output the changed image data. 

In the case where the proof print is produced in a printing system for 
performing only area gradation and the colors of the printing paper and a printing 
paper for the proof press are approximated to each other to such an extent as not to 
need to take the ink transmittance into account, the look-up table correcting section 
43 includes a paper exposed area factor calculating section 45 for determining a 
paper exposed area factor a in accordance with the following equation, when 
arbitrary reference data P in the look-up table has color values (Cp, Mp, Yp, Bkp), 
each of which is N-bit data: 

a = (1-Cp/(2 N -1)) x (1-Mp/(2 N -1)) x (1-Yp/(2 N -1)) x (1-Bkp/(2 N -1)), 
in contrast, determining the paper exposed area factor a in accordance with the 
following equation, when the arbitrary reference data P in the look-up table has the 
color values (Cp, Mp, Yp, Bkp), each of which is percentage data: 

a = (l-Cp/100) x (l-Mp/100) x (l-Yp/100) x (l-Bkp/100); 
and a color corrected value calculating section 46 for determining corrected values 
(Ci', Mi', Yi', Bki') of color values (Ci, Mi, Yi, Bki) of arbitrary reference data I in 
the look-up table in accordance with the following equations when color values (Ca, 
Ma, Ya, Bka) of the printing paper for the printing press are added to a part where a 
paper exposed area factor is 100%: 

Ci' = Ci + Ca x a, Mi' = Mi + Ma x a, Yi* = Yi + Ya x a and Bki' = Bki + 

Bka x a, 



to thus replace the color values of the reference data with the corrected values. 

In the case where the proof print is produced in a printing system for 
performing both of density gradation and area gradation and the colors of the 
printing paper and a printing paper for the proof press are approximated to each 
other to such an extent as not to need to take the ink transmittance into account, the 
look-up table correcting section 43 includes an influence range input section 47 for 
specifying an influence range defining how far reference data is influenced in the 
color space when the color values of the printing paper are added to the color space; 
and an influence value calculating section 48 for determining an influence value for 
each of the reference data based on the color values of the paper and the value of the 
influence range, to thus add the influence value to the reference data. 

In the case where the colors of the printing paper and a printing paper for 
the proof press are different from each other to such an extent as to need to take the 
ink transmittance into account, the look-up table correcting section 43 includes a 
second color corrected value calculating section 49 for determining corrected values 
(Ci', Mi', Yi', Bki') of color values (Ci, Mi, Yi, Bki) of arbitrary reference data I in 
the look-up table in accordance with the following equations when color values (Ca, 
Ma, Ya, Bka) of the printing paper for the printing press are added to a part where a 
paper exposed area factor is 1 00%, wherein address values (Cid, Mid, Yid, Bkid) 
express the color values (Ci, Mi, Yi, Bki) by N-bit; 

Ci' = Ci + Ca x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Mi' = Mi + Ma x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 

Yf = Yi + Ya x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); and 

Bki' = Bki + Bka x (1-Cid/(2 N -1) x Mid/(2 N -1) x Yid/(2 N -1) x Bkid/(2 N -1)); 
to thus replace the color values of the reference data with the corrected values. 
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Fig. 4 is a block diagram illustrating the schematic configuration of a color 
proofing apparatus according to another preferred embodiment of the present 
invention. The color proofing apparatus according to the present invention is 
adapted to improve the color reproducibility of a printing paper in proofing by 
means of a proof press by the use of a computer. As illustrated in Fig. 4, the color 
proofing apparatus according to the present invention comprises an image data input 
section 50 for receiving an input of proof printing image data over the entire color 
space in a subtractive process resulting from color matching between proof print 
produced by the proof press and the printed matter to be produced by the printing 
press; and an image data correcting section 51 for correcting the proof printing 
image data, in which each of levels of monochromatic color gradation of black on 
the printed matter is represented on the proof print, out of the image data inputted to 
the image data input section 50 in such a manner that a part having a black ink area 
factor of 100% on the printed matter is represented only with black ink also on the 
proof print, but that a part other than the part having a black ink area factor of 100% 
on the printed matter is represented on the proof print by using under color removal, 
to thus output the corrected image data. 

The image data correcting section 51 includes a 100% black part image data 
correcting section 52 for determining min(C 100 , M 100 , Y 100 ) from color values (Cioo, 
Mi oo, Yioo, Bk 100 ) of the proof printing image data for representing, on the proof 
print, the part having the black ink area factor of 100% on the printed matter, to thus 
determine a new value P of Bk 100 , determining an addition value a 100 for Bk 100 in 
accordance with the following equation: 

a 100 = min(C 100 , M 100 , Y 100 ) x (P-Bk 100 )/min(Cioo, Mi 00s Yjob), 
wherein 1 < P < 100, and then, adding the addition value a 100 to Bk 100 as well as 
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setting all of Cioo, Mioo and Yioo to 0; and a 99% or less black part image data 
correcting section 53 for repeating, with respect to n from 99 to 1, the following 
processes of determining min(C n , M n , Y n ) from color values (C n , M n , Y n , Bk n ) of the 
proof printing image data for representing, on the proof print, a part having a black 
ink area factor of n% on the printed matter; determining an addition value a n for Bk„ 
in accordance with the following equation: 

a„ = (min(C n , M n , Y n )-(100-n)) x (P-Bk 10 o)/min(C 10 o, Mioo, Y 10 o), 
wherein 1 < P < 100, to thus add the addition value a n to Bk n ; and determining 
respective reduction values /3 n , y n and 5 „ for C n , M n and Y n in accordance with 
the following equations: 

^„ = a»x ((P-Bkioo)/Cioo), 

y n = a n x ((P-Bkioo)/Mioo), and 

5 n = a n x((P-Bkioo)/Yioo), 
wherein 1 < P < 100, to thus subtract the reduction values j3 n , y „ and 6 „ from C n , 
M n and Y n , respectively. 

INDUSTRIAL UTILIZ ABILITY 

As described above, according to the present invention, it is possible to 
readily achieve the color reproducibility of the high accuracy between the printed 
matter and the proof print in the color proofing. In particular, according to the 
present invention, it is possible to reproduce the representing characteristics of the 
color of the printed matter and the black ink on the printed matter with the high 
accuracy in the proofing. Thus, the present invention can remarkably contribute to 
the efficiency of the proofing work. 
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